Vertigo of Central Origin
Lord Brain (London) When I began practice as a neurologist, two main causes of paroxysmal or recurrent vertigo were recognized. There was Meniere's syndrome, attributed to a lesion, the pathology of which was then unknown, in the internal ear. In addition it was recognized that lesions in the posterior fossa might cause this symptom. Those most likely to be responsible were tumours and disseminated sclerosis, and it was sometimes held that the characteristics of the vertigo might be helpful in deciding whether a tumour was in the cerebellum or in the brain stem. Beyond that, a rather vague concept of 'labyrinthitis' was introduced to explain some cases of vertigo of sudden onset, which was unassociated with signs of organic lesions of the nervous system, and yet did not fit into the category of Meniere's syndrome. That we know much more to-day is due to the development of more accurate methods of measuring hearing, and vestibular function, and the patient correlation of the results of these tests with the clinical features, and, when opportunity offers the pathology, in a wide range of patients suffering from vertigo, and to all this Dr Hallpike has made a notable contribution.
Definition By vertigo of central origin is meant vertigo not directly due to lesions of the internal ear or VIII nerve. The word 'directly' is necessary because a tumour of the VIII nerve may cause vertigo of central origin by its pressure effects. Vertigo will be interpreted more widely than as merely implying a sense of rotation: indeed patients suffering from vertigo of central origin are more likely to speak of a feeling of unsteadiness, or to say that they feel 'as if drunk', and it would in my view be artificial to isolate a sense of rotation from all the other subjective disturbances of the spatial orientation of the body which may occur. Moreover it would be equally artificial to consider vertigo in isolation from the motor and postural disturbances, and even the disturbances of consciousness 24 which may be associated with it. After all, nystagmus is only one among many such associated disturbances of posture and motility, particularly valuable because it is so readily observed and analysed.
The projection of the vestibular apparatus to the cerebral cortex is now well established physiologically (Gernandt 1959) . It is in the temporoparietal region and is mainly contralateral. An epileptic attack in which the discharge involves this region may therefore cause vertigo, a point discussed by Penfield & Jasper (1954) , and Penfield describes the production of vertigo by the electrical stimulation of the cerebral cortex in the conscious patient. It seems likely that it is involvement of the cortical or subcortical vestibular connexions which is responsible for the occurrence of positional nystagmus and vertigo when they occur as a symptom of a lesion of one cerebral hemisphere.
Clinically, several kinds of vertigo are encountered in association with lesions of the brainstem and cerebellum. First there is vertigo of acute, or subacute, onset which may last with gradually diminishing severity for days. This may occur in disseminated sclerosis when a plaque involves the vestibular connexions in the brain stem, and it may also be a feature of vestibular neuronitis. It may be encountered as a result of a vascular lesion, particularly in posterior inferior cerebellar thrombosis (or the lateral medullary syndrome), but in my experience it is rarely due to tumour. Then there are brief paroxysmal attacks of giddiness, which seem most often to be ischiemic in origin; and finally there is a general sense of unsteadiness or loss of balance, which may be paroxysmal, or persist more or less continuously, or as a continuous state with paroxysmal exacerbations. Such a persistent sense of unsteadiness may, of course, be a sequel of more severe vertigo, whether peripheral or central in origin, but when occurring by itself it is most often met with in disseminated sclerosis in I/ 361 younger patients, and in ischmmia of the vertebrobasilar system in middle life and later. This chronic sense of instability is often associated with positional nystagmus and vertigo. I shall leave the further consideration of this, and of the symptomatology of vestibular neuronitis, to Dr Hallpike. A number of factors may play a part in the production of vertigo after head injury. The intemal ear may itself be the site of trauma, and a head injury may also diffusely affect the cerebral hemispheres, and the brain stem. The full range of tests of auditory and vestibular function may be necessary to assess the nature of the disturbance, and the site of the lesion.
The Vertebrobasilar Arterial System During recent years we have learned a good deal about the symptomatology of disorders of the circulation through the two vertebral arteries and the basilar artery, known for convenience as the vertebrobasilar arterial system. This new knowledge has teen derived from two sources. The first is the increased information about the cerebral circulation, its regulation and its disorders, to which cerebral angiography has contributed so much. The second is the recognition of the degenerative changes in the cervical spine, known as cervical spondylosis, and its effects upon the cerebral circulation, particularly through the vertebral arteries. These are complex relationships involving a number of anatomical and physiological variables.
The essence of cervical spondylosis is degeneration of ore or more of the intervertebral discs in the cervical region. This leads to the production of osteophytes, which may protrude into the intervertebral foramina, or the spinal canal, at various points. The position of the vertebral arteries lying in a bony canal in the cervical spine on either side exposes them to pressure by intervertebral disc protrusion. The anatomical relations of the vertebral artery to the vertebra, intervertebral discs, and joints of the cervical spine can be most easily demonstrated by reconstructing the cervical spine from the individual vertebrw, inserting an opaque catheter in the canal for the vertebral artery on either side and X-raying it from various angles. Similar observations were made by Hutchinson & Yates (1956) when they demonstrated that osteophytes protruding laterally from the neurocentral joints could kink and narrow the vertebral arteries. This may happen when the head is in the normal erect position. Obviously, when the vessels are atheromatous, the effects of such displacements and narrowing will be more severe. Another important factor is that the vertebral arteries often differ considerably in size and when one is much larger than the other compression of the major one will produce disproportionately severe effects upon the whole vertebrobasilar blood supply.
But the normal neck is in almost constant movement and a considerable amount of movement still occurs in the presence of quite severe cervical spondylosis. The effects of head movement on the blood supply to the brain in pathological conditions are of special importance in relation to the frequency with which vertigo, and other symptoms, are produced in this way. The effects even of head rotation are complex:
(1) Maslowski (1960), using angiography, has shown that the lumen of the atlanto-axial segment of the vertebral artery may be narrowed, or temporarily occluded, in full rotation of the head to the opposite side, and his studies also suggested that the lumen of the vertebral artery could be constricted by the joints of the cervical spine in middle-aged individuals when the head is rotated towards the side of the artery. Bauer et al. (1961) have shown that, in a case of cervical spondylosis, though the vertebral artery fills normally when the head is in the normal erect position, it may be severely compressed by osteophytes at several sites when the head is rotated to the same side.
(2) It was shown by de Kleyn (1939) , and recently confirmed by Tatlow & Bammer (1957) , that rotation of the head to one side may cause narrowing of the opposite vertebral artery in the region of the lateral mass of the atlas. Thus rotation of the head to either side is capable of causing compression of both vertebral arteries.
(3) Head-rotation may also lead to a reduction of blood flow in the contralateral internal carotid artery by compression of this vessel against the lateral process of the atlas (Boldrey et al. 1956 , Hardesty et al. 1960 (4) In a patient with a sensitive carotid sinus, head rotation to one side may, by compressing the opposite carotid sinus, lead to slowing of the heart and a fall in blood pressure.
Little radiological study has been devoted to the effects of flexion and extension of the neck on the cerebral blood flow, but there is clinical evidence that extension particularly may produce the same symptoms as those which are caused by rotation, and which have been demonstrated angiographically to be due to interference with the blood flow through one or both vertebral arteries.
To sum up these observations, then, we may say that either lateral rotation or extension of the neck may, in certain circumstances, cause temporary impairment, or even complete abolition, of the blood flow through one or both vertebral arteries, and may even also impair the circulation through one internal carotid artery. Pathologically we are dealing with two variables, cervical spondylosis causing compression by osteophytes in the neighbourhood of one or both vertebral arteries, and atheroma of the vertebrobasilar system and internal carotid arteries, which naturally renders them more vulnerable to the effects of pressure. At one extreme it is certainly possible for severe cervical spondylosis to lead to vascular symptoms in the absence of atheroma, though for various reasons this is uncommon. At the other extreme some at least of the symptoms of intermittent vertebrobasilar ischtmia may be due to atheroma in the absence of cervical spondylosis, but in most cases both are present.
The symptomatology of intermittent vertebrobasilar ischtmia is varied. Prominent in the clinical picture is vertigo induced by change of head posture. Any change of head posture may be effective. Rotation may cause giddiness and staggering to the affected side. Throwing the head back to look upwards is a common cause of giddiness. One elderly woman found that bending forward to take off her dress might cause her to fall. In several cases a sudden movement while playing golf has caused giddiness and unsteadiness. Such vertigo is usually brief. More lasting attacks may occur, however. One elderly patient with severe cervical spondylosis, after what she called 'a jerk of the neck', had an attack of giddiness which confined her to bed for a fortnight. Head movement may produce symptoms other than giddiness. For example, an elderly man with severe cervical spondylosis and atherosclerosis, while turning to talk to his neighbour at a public dinner, suddenly saw double and felt faint. He stood up, and was helped out, and immediately recovered, commenting on, what seemed to him paradoxical, that standing up should have made his faint-feeling better and not worse.
Drop attacks also form part of this clinical picture. They have been called akinetic epilepsy, but, in my opinion, in the large majority of cases they are not epileptic but are due to a transitory ischmmia of centres in the brain stem regulating posture. In an attack the patient falls suddenly and without warning. He or she is not unconscious, but the sudden and catastrophic change of posture is usually not registered as such, so the patient finds himself on the ground and, unless he is unlucky enough to have injured himself, is immediately able to get up again. Careful questioning will often, but not always, reveal that drop attacks are also precipitated by change in head posture.
These various forms of giddiness and disturbance of equilibrium may occur without any other neurological symptoms. Other evidence of brain stem ischeemia, however, may be present in the realm either of symptoms or physical signs. Deafness, which is not uncommon, is important, beca'use its co-existence with vertigo may wrongly suggest that the lesion is in the inteinal ear. Diplopia has already been mentioned. Complaint is sometimes made of trigeminal dysmsthesie. Nystagmus may be present, and involvement of the long sensory and motor pathways may cause dysesthesiat over the trunk and limbs or signs of corticospinal tract involvement of the same distribution. Finally, impairment of blood supply to the visual cortex may cause attacks ofhemianopia or even blindness. Patients with cervical spondylosis rarely complain much of pain in the neck, but may have had episodes of brachial neuralgia. The most reliable sign is a limitation of active and passive lateral flexion of the cervical spine, but the diagnosis is readily established by X-raying the neck.
The following typical case history illustrates some of these points:
Case History
A man of 57 began to get attacks of dizziness which he described as feeling as if he were drunk and which lasted for half an hour. These occurred at intervals of some months and he noticed that two ofthem appeared to be precipitated by stooping and straightening up again quickly. At the same time he began to develop tinnitus and deafness in the right ear. An otologist at that time reported that the audiogram showed a mixed deafness with a rather high-tone loss on the right side and attributed his dizzy attacks to M&nibre's syndrome. The patient then found that if he looked up it would make him giddy, so he ceased to do this. Three years after the onset of the dizzy attacks he began to have drop attacks, and would fall without warning, so violently that in one he broke his spectacles. These falls, however, caused so little disturbance that although he had one while playing golf he was able to finish the round. His neurological examination was entirely negative except for slight unsteadiness in Romberg's test, and his blood pressure was normal. X-rays of his neck showed cervical spondylosis involving the intervertebral discs between C4 and C7.
Psychological Aspects
No discussion of vertigo of central origin would be complete without some allusion to the psychological aspects of the vertigo. There are two of these. First, what the patient describes as giddiness, or sense of instability, or loss of balance, may be purely a psychogenic symptom. This does not usually give rise to much difficulty in diagnosis because other obviously psychogenic symptoms are usually present, and because of the 14 negative results of vestibular tests. On the other hand, psychological factors may confuse the picture when the vertigo is primarily organic in origin. Persistent vertigo in its various forms may cause a profound psychological disturbance, for not only does it interfere with the patient's relations to every aspect of his environment, but it may also distort his body-image. An individual prone either to anxiety or to hysteria may react so strongly to vertigo of organic origin that the neurotic overlay dominates the picture, and the organic basis for the symptoms may be quite unsuspected until it is revealed by routine tests. Similarly, when there is known to have been damage to the labyrinths or vestibular pathwaysparticularly, for example, after streptomycin intoxicationwe are all familiar with the extent to which patients' psychological reactions differ, and how much these reactions influence the rate of recovery. This leads to two concluding maxims:
(1) In all cases of giddiness, however great the psychological factor, investigate the labyrinth.
(2) In all cases of giddiness, however great the organic factor, never forget the psychological reactions. (1959) Vascular occlusion affecting the brain stem vestibular centres is a common cause of central vertigo as we see it nowadays at Queen Square. Before describing our experiences I shall review certain problems in this field which Dr Dix and I discussed in a paper presented to this Section in 1952 (Dix & Hallpike 1952) . At that time our clinical material included many cases of Meniere's disease, and our main task was to effect a diagnostic distinction between this and certain other organic disorders of the VIII nerve system. For this we were able to develop a differential analysis of their symptoms and physical signs, with particular reference to the results of the caloric and loudness recruitment tests. These are shown in Table 1 , together with what is known of their pathology. In the three conditions other than Meniere's disease, namely, tumours of the VIII nerve, vestibular neuronitis and positional nystagmus of the benign paroxysmal type, it seems likely that the vertigo arises, at any rate in part, from some derangement of the central vestibular mechanism. For example, in a tumour of the VIII nerve, although its effect may be primarily exerted upon the trunk of the nerve, nevertheless vertigo may be trifling or absent until it has expanded beyond the internal auditory meatus and begun to press upon the central vestibular elements. within the brain stem.
The other two conditions are common and of great clinical importance, and it would seem appropriate now to review what we said of them in the light of subsequent developments.
Vestibular Neuronitis
Vestibular neuronitis affects adultswithout preference for sex. Our impression is that the individuals affected are rather younger than in Meniere's disease. The character of the vertigo exhibits no clear difference from that of Meniere's disease. Neurological abnormalities outside the VIII nerve system are absent. No complaint is made of deafness or tinnitus, and the most searching tests of cochlear function reveal no abnormality. When we turn to the vestibular system, however, there is more to be found. Although spontaneous and positional nystagmus are absent, ataxia of stance and gait is often present, while derangement of the caloric responses is a constant finding, often severe and not infrequently bilateral. The condition pursues a benign course, and recovery is the rule.
The pathology of vestibular neuronitis is still a matter for conjecture with a few well-established points of principle to guide it. Thus, it is accepted that organic disorders of the internal ear itself usually involve both the cochlear and the vestibular elements. When, as in vestibular neuronitis, there is a conspicuous sparing of the cochlear elements, then it is held that the lesion is more likely to be one of the vestibular neurons central to the labyrinth. The term 'neuronitis' needs explanation. Clearly, if we could assume that the lesion was limited to the peripheral vestibular nerve, then the appropriate term would be 'vestibular neuritis', and indeed this is in common use by French writers. However, no such assumption can be made. The lesion may be one of the vestibular nuclei or of the second order neurons, and it is this which led us to prefer the more comprehensive term 'vestibular neuronitis'. As to the mechanism of the neuronic damage, this we have endeavoured to explain in terms of a virus or other infective agent possessing some chemical affinity to the streptomycin molecule. Hence, its highly selective vestibulo-toxic action.
In the last forty years many papers have been published, all having as their subject the syndrome of vertigo of this kind, pursuing a benign course without evidence of any associated cochlear disorder.
These publications fall into three groups. In the first, the vertigo is described as occurring in epidemics in association with neurological abnormalities such as oculomotor weakness or cerebral disturbances. In this group we have the publications of Barre & Reys (1921) and of Dalsgaard-Neilsen (1953) . Both attributed the conditions described to an encephalitis.
In the second group we have the epidemic vertigo described in 1959 by Pedersen in Denmark. Of this condition neurological abnormalities were not a feature, and the vertigo was usually associated with severe upper respiratory symptoms.
The third group is that described in 1952 by Worster-Drought under the name of 'epidemic labyrinthitis'. In this, again, the vertigo was unaccompanied by other neurological disturbances.
The conditions included within these three groups invite comparison with vestibular neuronitis, and some puzzling questions arise. If, as would seem, they are distinct entities, then we should expect to see them on occasions at Queen Square. But this is not the case, and we are bound to wonder why. It may be that, compared with vestibular neuronitis, they are rare. Perhaps, too, we do not see them at Queen Square because of a certain specialization there of the patient intake. But these are only possibilities, and provide no more than a partial explanation of what is undoubtedly a confused situation. One reason for this is, I think, to be found in the character of some of the evidence. For instance, very few of the relevant publications include any satisfactory data upon the results of vestibular functional tests. Another factor of undoubted importance is a certain laxity of nomenclature. Thus, although in the so-called epidemic labyrinthitis the absence of cochlear involvement makes a labyrinthine lesion very unlikely, the idea of such a lesion has been firmly incorporated in its name and is widely accepted. Clearly, therefore, there is a real need in future investigations for more attention to the tests of vestibular function, and for more careful terminology. Meanwhile, it is difficult to avoid the impression that, of the various members of this group of disorders characterized in common by vertigo without evidence of cochlear involvement, vestibular neuronitis, as we defined it, is probably the one which otologists and neurologists are most likely to meet.
Positional Nystagmus
The diagnosis of positional nystagmus of the so-called benign paroxysmal type is based upon a certain rather spectacular physical sign and, although the test procedure needed to evoke it has often been described, I make no apology for referring to it again. It is shown in Fig 1, very much as Barany (1921) described it. The patient's head is turned some 30 degrees to one side and carried rapidly back into the position shown. After a latent period of a few seconds there occurs a transient paroxysm of nystagmus accompanied by vertigo. The nystagmus has certain directional characteristics which are important. There is a strong rotatory element, clockwise if the reaction takes place with the head to the leftanti-clockwise if it takes place with the head to the right.
In addition, there is usually a horizontal component directed towards the undermost ear. Barany emphasized the fact that the reaction was evoked by a particular orientation of the head in relation to gravitational lines of force, and this, taken in conjunction with the absence of other neurological abnormalities, led him to attribute the condition to an otolith disorder. In certain ways we have been able to carry the matter further. One problem has been the identification of the affected labyrinth. This arises from the fact that in the majority of subjects there is no deafness or indeed any other symptom or sign to incriminate one labyrinth rather than the other.
In a proportion of our cases, however, and it was a large series, Dr Dix and I found evidence of unilateral ear disease, usually old otitis media. We found, furthermore, that in nearly all of these the affected ear was the one placed undermost in the effective test position, and we therefore concluded that the lesion was located in the otolith apparatus of the undermost labyrinth. This we were then able to confirm by means of a clear histological demonstration, in a characteristic case, of marked degenerative changes in the neurosensory apparatus of the otolith organs, in particular the utricle, of the undermost labyrinth.
In a later case studied with Mr Cawthorne a similarresultwas obtained (Cawthorne & Hallpike 1957) .
Having gone thus far in the localization of the lesion we then had to consider how it could bring about the effect observed. This has been a difficult matter. Citron and I (Citron & Hallpike 1956) argued that the lesion must be a partial one and that the otolith apparatus was still able to respond to the gravitational stimulus. Nevertheless, the response was abnormal and it was this which caused the paroxysm of vertigo and nystagmus. Under these circumstances we supposed the nystagmus would be abolished by surgical destruction of the defective labyrinth, or by section of the VIII nerve.
It has not been easy to test this hypothesis, since, in the majority of cases, hearing is normal. However, in the course of some years Citron and I have had under our care three patients, all with this characteristic benign type of positional nystagmus, in whom the hearing in the undermost ear was defective enough to warrant its total functional elimination. In two of the patients this took the form of a labyrinth exenteration (Citron & Hallpike 1956 ). In the third (Citron & Hallpike 1962) , Mr Wylie McKissock divided the VIII nerve. In all three subjects the result was an immediate and lasting abolition of the positional nystagmus.
From what I have said of its pathology, it might be thought that the condition in question is due to a peripheral lesion and therefore outside the scope of our subject, central vertigo. That is how it seems. Against this it has to be said that our pathological material is still very small indeed. Furthermore, the opinion has been held by Nylen (1931) and others that whatever the relationship of the otolith lesions which we have described to the positional nystagmus, this latter might still be produced by a central lesion. In fact, there might be many cases of this group without any ear disease or otolith pathology at all. In these, the peripheral responses to the gravitational stimuli would be normal. Nevertheless, the reflex responses thereto could be deranged by a central lesion with the same positional nystagmus as the result.
If we accept this as a possibility, then, whether the lesion is peripheral or central, we still have to explain the apparently essential part played in the nystagmic reaction by the undermost otolith system. We need also to explain how this reaction is abolished alike by destruction of this labyrinth or by division of its associated vestibular nerve.
It is helpful, I suggest, to think of the matter as follows: That the anatomical unit which is at fault is a certain neuronic circuit. This has both a central and a peripheral component, the latter being the undermost otolith system. The lesion may be in the peripheral component, as shown by the histological evidence which we have provided. In other cases, however, the lesion may be in the central component. But in either case the essential stimulus which initiates the positional nystagmus originates within the undermost labyrinth, and so its abolition results alike from destruction of this labyrinth or from section of the vestibular nerve.
In thus exploring the possibility of a central lesion as the cause of this variety of positional nystagmus, we find support from the fact that, apart from this 'benign paroxysmal type' as we have called it, Barany (1921) also made a brief reference to another, which he related to a more serious central lesion. He had little to say upon the subject, but since then more information has become available. Thus, Nylen (1931) found positional nystagmus in no less than 63 of 78 subjects with serious intracranial lesions. Most of these were neoplasms arising within, or involving, the central nervous system in the posterior fossa.
It is clear, therefore, that positional nystagmus may sometimes be a sign of a malign disorder, and it follows that the clinical differentiation of the two types becomes a matter of the greatest importance. In their most typical forms they exhibit clear-cut differences and it is not then difficult to tell them apart. Thus, as already described, the benign or peripheral type has a particular direction, with vertigo, latent period and adaptation as additional features.
In the malign or central form the direction of the nystagmus varies. Thus, it may be vertically upwards or downwards, or horizontal towards the uppermost ear. Furthermore, its direction may change with change of head position. In this respect, therefore, it corresponds to Nylen's Type I. Vertigo is slight or absent with little or no latent period or adaptation.
In our experience, which accords well with that of Nylen, this type of positional nystagmus is often found in association with (1) Neoplasms, often secondary deposits involving the vestibulocerebellar connexions. (2) Vascular lesions. (3) Disseminated sclerosis.
When the positional nystagmus is clearly of the central type, then the diagnosis of a central lesion may often be completed by the demonstration of other neurological abnormalities indicating a posterior fossa neoplasm or demyelinating process.
In some cases, however, the positional nystagmus may be the only neurological abnormality. In this event a detailed neurological and medical investigation is essential. This may include air studies and, certainly, a radiological examination of the chest which sometimes reveals surprising evidence of a primary lung carcinoma.
A more difficult situation arises in a case of positional nystagmus, apparently of the benign type, in which the characteristics of the nystagmus are not entirely clear cut. Thus, although the vertigo may be severe and the nystagmus paroxysmal, its direction may be atypical. Here, mistakes are liable to arise, and in some of our earlier cases the diagnosis of a benign lesion has been followed by the development of a clearly central type of positional nystagmus accompanied by obvious neurological and other evidence of a neoplastic deposit within the vestibulo-cerebellar connexions secondary to a bronchial carcinoma. It follows that in patients presenting with what appears to be a benign type of positional nystagmus, any qualitative deviation of the nystagmus from the typical pattern should put us on guard against the possibility of a serious central lesion. Under these circumstances a full medical and neurological investigation, necessary in all cases of positional vertigo, is indispensable; Cawthorne & Hinchcliffe (1961) provide valuable information upon this aspect of the subject.
Besides vestibular neuronitis and positional nystagmus, we see many other varieties of central vertigo with causes which include toxic agents such as streptomycin, demyelinating processes, neoplasms of all kinds and vascular occlusions. The latter, as I have said, is perhaps the commonest.
Vascular Lesions ofthe Central Nervous System
Giving Rise to Vertigo These are usually located within the brain stem. Of the patients thus affected two groups call for special comment.
(1) In the first the vertigo is accompanied by clearcut neurological evidence which indicates the infarction of a clearly definable zone within the brain stem. Included in this group would be examples of the so-called lateral medullary syndrome or, as it may sometimes be termed, posterior inferior cerebellar artery thrombosis. Some years ago Dr Dix and I, in collaboration with Dr Carmichael (Carmichael et al. 1956 ), studied a group of such subjects in some detail and a short account of this work was presented to We found that if the lesion was restricted to the zone below the level of entry of the VIII nerves, then the chief otoneurological abnormality was a directional preponderance to the opposite side of the caloric responses. Deafness was absent. By contrast, a canal paresis with or without deafness occurred only when the lesion was situated within or extended into the zone above the entry level of the VIII nerves. This finding was of particular interest because it seemed to show that the tonus elements concerned with directional preponderance are distinct anatomical entities with a location extending well down into the lower part ofthe lateral zone of the medulla.
(2) The second group of subjects is, in some ways, more difficult to define. Their age usually exceeds 60 and to the general clinical picture which they present, the label 'basilar insufficiency' is usually attached. Some of its commoner features are the following: recurrent black-outs, fainting attacks, 'pins and needles' or numbness of -the extremities. The vertigo may occur in attacks which are usually of short duration, but it may take the form of prolonged bouts of unsteadiness aggravated by head movements. It may be precipitated by head position and is then recognizable as the vascular variety of the benign paroxysmal type of positional nystagmus.
Examination of the cardiovascular system usually reveals evidence, which may be marked, of generalized atherosclerosis. Neurological examination reveals, as a rule, no gross abnormalities and all that may be found are some arteriosclerotic changes in the fundi, some Rombergism and perhaps some mild pyramidal signs. Nothing abnormal is to be-seen on examination of the ears, nose and throat. Although there is often no complaint of either deafness or tinnitus, high-tone nerve deafness is a common audiometric finding. This is usually bilateral and may be severe.
Tests of vestibular function show no constant
or severe derangement. Ataxia of stance or gait may be present and perhaps some deviation from the normal pattern of the caloric responses.
It would seem justifiable to include the following case in this group:
Case History
Male, aged 75 At the time of our examination in 1945, Meniere's disease was proposed as a serious diagnostic possibility. Reviewing the case, this now seems unlikely. Thus, tinnitus, so prominent and constant a feature of Meniere's disease, was absent. The vertigo, too, was atypical of Meniere's disease. No sensation of rotation was described, nor was there any nausea or vomiting. Instead, the complaint was of unsteadiness on standing up, usually on rising in the morning, with a strong feeling of being displaced backwards. There is, in fact, good reason for saying that the clinical features of the case accord much less with those of Meniere's disease than with those of our second group of subjects with basilar insufficiency, with negligible neurological signs and with bilateral high-tone deafness as the chief otoneurological abnormality. Granted that this condition differs from MWniere's disease in terms of its clinical features, it seems natural to expect that it would differ from it also in terms of its morbid anatomy. As a matter of surmise I should anticipate something quite different from the endolymphatic distension of Meniere's disease. However, direct pathological evidence is what we need and this, at any rate in part, we have been able to provide.
The patient died suddently in 1949, at the age of 79, and the following is a summary of the autopsy findings: Summary ofPost-mortem Findings Date of death 14.6.49. Post-mortem examination 15 hours after death.
Cranial contents: Basal vessels atheromatous, larger in calibre than normal. Basilar artery tortuous. Small, old surface infarct of right cerebellar hemisphere. Small cysts and scars. Some narrowing of cortex and prominence of small vessels. Slight dilatation of pelves and ureters.
Brain: Well-marked convolutional atrophy. The brain and brain stem were preserved intact for full neuropathological examination.
Through the good offices of Professor William Blackwood, we were able to carry out a histological examination of the temporal bones. Nothing abnormal was to be found in either tem-poral bone, in the external ear, middle ear, or labyrinth capsule. Nor was there any definite abnormality in the vestibular labyrinth, or in the cochlear and vestibular nerves. The cochlee, too,. were in some respects normal. This included Reissner's membrane. In the case of Corti's. organ, however, some difficulties arose; certain cellular changes were present, though their interpretation was rendered difficult by histologicat artifact. Moreover, certain special and familiar clinical features had to be taken into account.
Since the case was one of an elderly man with severe bilateral high tone deafnessperhaps a case of presbyacusis -we have had to consider the histological findings in the light of what is known of the histopathology of the inner ear in presbyacusis.
One of the most valuable contributions to this subject is that of Saxen (1952) . Saxen was a general pathologist, and his work has on this account a certain professional excellence. Most of his subjects were within the age group 50-70 years with varying degrees of perceptive deafness. Saxen made much of the general post-mortem pathology, and this is well described and expertly discussed. Particular attention is paid to the cardiovascular system, with especial emphasis on arteriosclerosis in frequent association with chronic kidney disease. In the cochlea he describes two distinct degenerative processes, and to these he ascribes the deafness. The first he calls. 'essential senile degeneration of the spiral ganglion'. In this there occurs a primary degeneration of the ganglion cells, beginning with the cells in the basal coil. The hair cells, however, are not affected. The second condition Saxen calls 'senile angiosclerotic degeneration of the inner ear'. In this there occurs a diffuse degeneration of the hair cells of Corti's organ associated with sclerotic changes in the walls of the small terminal branches of the internal auditory artery. The spiral ganglion cells may also be affected, but this is not necessarily the case. In addition, there is degeneration of the external sulcus cells and of the stria vascularis. The vessels which are so notable a feature of the stria show much thickening.
A photomicrograph of the right cochlea from our present case is shown in Fig 4. The fluid spaces are normal. Certainly, there is nothing about the position of Reissner's membrane which at all suggests MWni&re's disease. In the basal coil the cochlear nerve fibres are notably sparse, but elsewhere they seem of normal density. In the basal coil, too, the cells of the spiral ganglion are reduced in number, but in other parts the cell population accords in all probability with the normal for a subject of 79 years.
No degeneration of the kind which Saxen describes is present in the external sulcus cells or t~~~~~k * . . stria vascularis. Nor, in the stria or anywhere else in the temporal bone, is there any thickening with stenosis of the small vessels.
In the organ of Corti a certain amount of disintegration of the hair cell complex has certainly taken place. At the most it is slight, and at the magnification used (Fig 4) the general appearance of the organ is everywhere normal.
Its details were studied at higher magnification, using for comparison a good selection of normal human material prepared under comparable conditions of fixation (formalin) and post-mortem autolysis, and the conclusion was reached that no pathological significance could be attached to the changes found. The histological condition of the left inner ear was in every way comparable with that of the right ear.
Although the information which I have to offer upon this case is incomplete, it provides certain positive results. Thus it is clearly shown that Meniere's disease, the diagnosis made in 1945, was not the cause of the patient's deafness and vertigo. Nor could the deafness be attributed to either of the causes of presbyacusis described by Saxen. Hence, by exclusion, the lesion must have been a central one. If we can assume that it was vascular, resulting from brain-stem ischoemia, then perhaps we are right to include it in the particular clinical category chosenbasilar insufficiency with bilateral perceptive deafness as the predominant otoneurological abnormality. However, this can hardly pass unquestioned. Certainly, the history of auricular fibrillation and the finding of a surface infarct of the cerebellum con-stitute some evidence 'of cardiovascular disease. Nevertheless, although the basilar artery was tortuous, its lumen was unrestricted, and the cardiac ventricles were hypertrophied. It follows, therefore, that the evidence of blood-flow deficiency was at best circumstantial.
It is difficult, too, to understand why a vascular occlusion, diffuse or circumscribed, could exert so selective an action upon the VIII nerve elements within the brain stem. Perhaps the correct inference is that we need not too readily accept bloodflow deficiency as the only damaging factor to which the tissues of the ageing are exposed. There must be many others which need to'be considered.
Much remains to be done if we are to make good progress with the clinical and pathological problems of central vertigo, and the many others with which this difficult field of otoneurology abounds. In this work otologists have an important part to play.
Mr E Zwiefach (London) wondered why patients with positional vertigo did not suffer from positional deafness as well, if the insufficiency of the vertebral arteries was blamed as the causative mechanism. The internal auditory artery supplied both cochlear and vestibular end-organs, and the former was not less sensitive to ischaemia than the latter.
He also made a plea for methodical consideration of the nervous connexions of the ears in order to locate the site of the lesion producing vertigo.
Mr P E Roland (Rugby) was glad to hear Lord Brain stress the importance of impairment of the vertebrobasilar arterial system in the causation of vertigo. He was, however, not convinced that the vertigo caused in this way was 'central', as the labyrinths received their blood supply from the same arterial system.
He also commented that he saw many patients two or three weeks after an attack of vertigo typical of vestibular neuronitis, but most of them had quite normal caloric reactions.
Dr I Simson Hall (Edinburgh) asked Dr Hallpike whether, in his experience, evidence of general infection was found in cases of vestibular neuronitis and allied conditions. The term neuronitis implied an inflammatory condition which might be the result of general infection. The question was prompted by a recent experience in which a patient was sent to Dr Hall with a diagnosis of Meniere's disease. The diagnosis had been made by a physician whose reputation and abilities were unquestioned. The patient, when seen, had no symptomsno abnormality on cochlear or vestibular examination, but on careful investigation it was found that immediately after the acute attack there had been a rise both in the white cell count and in the blood sedimentation rate.
Dr Hall asked Dr Hallpike how often he had found such evidence of general infection in cases of vestibular neuronitis, &c., and if he thought it would in any way serve as a differential diagnostic point.
Mr Philip H Golding-Wood (Maidstone) said that Lord Brain had lucidly explained how cervical spondylosis might induce vertebrobasilar insufficiency. Although he had attributed vestibular effects to brain-stem ischoemia, might they not also be due to direct reduction of labyrinthine blood supply?
The internal auditory artery, only 05 mm in diameter, seemed pitifully small for its functional importance. Branching as it did from the vertebrobasilar system, its flow would surely reflect any inadequacy in its parent supply. Even where only one vertebral artery became suddenly occluded, the corresponding internal auditory artery would seem liable to suffer from the resultant disturbance of laminar blood flow.
Just before his tragic death, Mr James Seymour had shown Mr Golding-Wood the pathological findings of such a case:
The patient, of middle age and with some cervical spondylosis, suffered from severe paroxysmal vertigo associated with perceptive deafness and noise intolerance. A diagnosis of Mnni,re's disease had been made. The phasic attacks were, however, superimposed on some general instability and vertebral insufficiency was later suspected. Death followed vertebral angiography. Autopsy revealed that one vertebral artery was markedly ill developed and the corresponding internal auditory artery reduced in size. That ear showed marked endolymphatic hydrops. Neither brain stem nor contralateral ear showed demonstrable histological change. Audiograms had revealed a bilateral perceptive loss. The typical curves falling with increasing frequency were roughly parallel on the two sides, the affected ear being 10-15 decibels the worse.
Independently, Seymour (1960) and Golding-Wood (1960) had previously published evidence to show that the endolymphatic hydrops of Meniere's disease could be satisfactorily explained purely on a basis of vascular insufficiency. This case appeared to confirm their views. It would have been published by Seymour but for his death.
Mr W Leach (London) presented a preliminary report of a few cases of vertigo due to irradiation to the inner ear.
In conjunction with the Radiotherapy Department at St Thomas' Hospital, he had been investigating the effects of irradiation in those patients with neoplasms close enough to the ear for the field of irradiation to include the labyrinth. Some of them suffered a slight perceptive hearing loss, depending on several factors. Two suffered episodes of acute vertigo a few hours after treatment and took several hours to recover. A third only became giddy and lost her sense of balance several months after treatment had ceased.
Dr A Nelson-Jones (London) asked whether tilting of the whole body, keeping the position of the head in relation to the cervical spine unchanged, had any value in differentiating positional vertigo due to disorder of the otolith organ from that due to the cervical causes which had just been described. Lord Brain, in reply, said that he had been interested in the observations which had been made on the possible role of the internal auditory artery and he did not doubt that in some cases symptoms might result from ischamia of the labyrinth. If the blood supply through the internal auditory artery were interrupted, however, it would seem inevitable that deafness would be associated with vertigo, whereas the vertigo and other symptoms resulting from vertebrobasilar ischemia were not usually associated with deafness.
Dr Halipike, in reply to Mr Roland, said that he agreed that, although rarely seen at Queen Square, there must be cases of organic vertigo in which the clinical picture did resemble that of vestibular neuronitis without the characteristic derangement of the caloric responses.
In replying to Dr Simson Hall, Dr Hallpike said that in their original paper (1952) Dr Dix and he had stressed that infective processes certainly played a part in some cases of vestibular neuronitis. Thus, there might be a clear history of a pyrexial illness occurring in association with the onset of the vertigo. Antral and dental infections might also be important factors. Fig 5 Replying to Mr Nelson-Jones, he said that positioning of the head without twisting of the cervical spine was certainly of value in eliminating purely cervical causes of positional nystagmus. The equipment which they had used at Queen Square was illustrated in Fig 5 ( The meeting will be reported in the Journal of Laryngology.
